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3RO\PHUV KDYH D ZDYHOHQJWKGHSHQGHQW DEVRUSWLRQ FRHIILFLHQWV )LJXUH  ULJKW EODFN 7KH DEVRUSWLRQ
FRHIILFLHQW LQFUHDVHVZLWK LQFUHDVLQJZDYHOHQJWK DQGKDV VRFDOOHG DUHDV RIKLJKHU DEVRUSWLRQ  DEVRUEDQFHSHDNV
>0DPXVFKNLQ@7KH ORFDWLRQ ZDYHOHQJWK DQG WKH VL]H SHUFHQWDJHRI WKH DEVRUSWLRQSHDN DUHGHSHQGHQWRQ WKH
SRO\PHU )LJXUH  ULJKW7KH FRQYHQWLRQDO ODVHU VRXUFHV XVHG IRU ODVHUZHOGLQJRI SODVWLFV HPLW UDGLDWLRQ LQ WKH
UDQJHRIWRQP>*LOOQHU3RSUDZH@,QWKLVDUHDWUDQVSDUHQWSRO\PHUVKDYHQRRURQO\DORZDEVRUSWLRQ7R
DFKLHYH D VXIILFLHQW HQHUJ\ LQSXW WKH SODVWLFVPXVW EHPRGLILHG E\ WKH DGGLWLRQ RI DEVRUEHUV IRU H[DPSOH FDUERQ
EODFNWREHFRPHZHOGDEOH:LWKQHZO\GHYHORSHGODVHUVRXUFHVZKLFKHPLWODVHUUDGLDWLRQLQWKHUDQJHRI
QPDUHDVRIKLJKHUDEVRUSWLRQRUGLUHFWDEVRUSWLRQSHDNVFDQEHUHDFKHG
8OWUD KLJK EDUULHU ILOPV FRQVLVW DOZD\V RI VHYHUDO GLIIHUHQW OD\HUV )RU IOH[LEOH HQFDSVXODWLRQ3(7 LV WKH EDVLF
VXEVWUDWHDQGFRQVHTXHQWO\DOVRWKHWKLFNHVW'HSHQGLQJRQWKHDSSOLFDWLRQDGGLWLRQDO OD\HUVXFKDVEDUULHUOD\HUV
FRQGXFWLYHOD\HUVLQWHUOD\HUVDUHDGGHG7RUHDFKDYHU\KLJKEDUULHUHIIHFWEXWZLWKORZWKLFNQHVVDQGIOH[LELOLW\









DUH GHILQHG E\ WUDQVPLVVLRQ UHIOHFWLRQ DQG DEVRUSWLRQ )LJXUH  ULJKW $OZDQ\ LGHQWLILHG WKH RSWLFDO SURSHUW\
GHFUHDVHV ZLWK LQFUHDVLQJ ILOP WKLFNQHVV IURP >$OZDQ\@ )RU WKH ODVHU HQHUJ\ LQSXW LV KHUH LQ SDUWLFXODU WKH
DEVRUSWLRQRILPSRUWDQW)RUPXOWLOD\HUILOPDSSOLFDWLRQVWKHDEVRUSWLRQFRHIILFLHQWRIWKHHQWLUHILOPLVWKHVXPRI
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7RLQYHVWLJDWHWKHVXLWDELOLW\RIZDYHOHQJWKDGDSWHGGLRGHODVHUV\VWHPIRUMRLQLQJXOWUDKLJKEDUULHUILOPVDWHVW









4.1. Influence of the feed rate 
7RGHWHUPLQHWKHHIIHFWRIIHHGUDWHRQWKHZHOGZLGWKLVZHOGHGDWDFRQVWDQWRSWLFDORXWSXWRI:7KHIHHG
UDWHZDVYDULHVLQDUDQJHIURPWRPPPLQ7KHVHWZRYDOXHVDUHWKHSURFHVVERXQGDULHV$WPP
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7KHILOPVVKRZDVOLJKWLQFLGHQWLQWKHDUHDRIWKHZHOGVHDP7KHUHIRUHLVFRQVLGHUHGLQWKHIROORZLQJLQPRUH
GHWDLOKRZELJWKHUHVXOWLQJH[SDQVLRQVE\WKHILOPVXUIDFHDUH
4.2. Determination of process-related relative expansion of the functional layers 
7KHSURGXFWUHVXOWLQJIURPWKHVKULQNDJHYROXPHGHILFLWRIWKHILOPVXUIDFHLVLGHDOL]HGDKDOIHOOLSVH)LJ7KH
PD[LPXPGHIOHFWLRQ RI WKH ILOP VXUIDFH IURP WKH LQLWLDO VWDWH FRUUHVSRQGV WR WKH KHLJKW E RI WKH HOOLSVH YHUWLFDO









PP  PLQ 7KH UHVXOWV VKRZ WKDW WKH IXQFWLRQDO OD\HUV GXULQJ WKH FRQWUDFWLRQ SURFHVV RQO\ H[SHULHQFHG PLQRU
H[SDQVLRQV

4.3. Tensile test 
)RU WKH WHQVLOH WHVWV VDPSOHV DUHZHOGHGZLWK DQGPP PLQ$SRLQW LQFOXGHV DOZD\V WKUHH
WHVWHGVDPSOHV7KHDYHUDJHWHQVLOHVWUHQJWKRIWKHVHDPVLV1PP$QDYHUDJHRIWKHVHVDPSOHVEHIRUH
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,Q WKH ILHOGRIZHOG VHDPVZKLWH FLUFXODUDUHDVDUHYLVLEOH&HQWULF WKHVHDUHDVKDYHEODFNFLUFXODUGRWV7KHVH
GHIHFWVOLNHO\WRKROHVLQWKHWRSOD\HU)XUWKHUPRUHDQRWKHUILQHGDPDJHRIWKHVDPHNLQGLQWKHVXUURXQGLQJFDQEH
LGHQWLILHG7KHIHDWXUHVPHQWLRQHGDUHVWURQJLQGLFDWRUVRISLWWLQJFRUURVLRQ+RZHYHUVLQFHRQO\WKHVXUIDFHFDQEH
FRQVLGHUHG DQG QRW GHHSHU OD\HU WKH RULJLQ FDQQRW EH GHWHUPLQHG H[DFWO\ )RU DGGLWLRQDO ILQGLQJV IXUWKHU
LQYHVWLJDWLRQVZLWKRWKHUPHDVXULQJGHYLFHVDUHQHFHVVDU\
6XPPDU\DQG2XWORRN
7KH 3(7 VXEVWUDWHV RI WKH SUHVHQW XOWUDKLJK EDUULHU ILOPV FDQ EH ODVHU WUDQVPLVVLRQ ZHOGHG ZLWK D VSHFLDOO\
DGDSWHGODVHUZDYHOHQJWKRIQP:HOGVHDPVKDYHLQFURVVVHFWLRQDQHOOLSWLFDOVKDSH:LWKGHFUHDVLQJIHHG
UDWHDVVXPHV WKHHOOLSVHDWZLGHJUDGXDOO\XQWLO WKHHQHUJ\ LQSXW UHDFKHV WKHGHFRPSRVLWLRQ WKUHVKROGRI WKH3(7
7KHVDPSOHV UHDFKHGDQDYHUDJH WHQVLOH VWUHQJWKRI1 PP WKHZHOGVHDPVFDQEH LGHQWLILHGDV WLJKW$Q









$OZDQ\ $  6DPLU 2  $OJUDGHH 0  +DILWK 0 DQG $EGHO5DKLP 0 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 ,QYHVWLJDWLRQ RI WKH (IIHFW RI )LOP 7KLFNQHVV DQG +HDW
7UHDWPHQW RQ WKH 2SWLFDO 3URSHUWLHV RI 7H6H6Q 7KLQ )LOPV :RUOG -RXUQDO RI &RQGHQVHG 0DWWHU 3K\VLFV   GRL
ZMFPS
%XUURZV3(	HWDO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7HFKQRORJ\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)DKOWHLFK - -XQL 7UDQVSDUHQWH+RFKEDUULHUHVFKLFKWHQ DXI IOH[LEOHQ6XEVWUDWHQ WUDQVSDUHQW KLJK EDUULHU OD\HUV RQ IOH[LEOH VXEVWUDWHV
'LVVHUWDWLRQ&KHPQLW]6DFKVHQ%XQGHVUHSXEOLN'HXWVFKODQG7HFKQLVFKH8QLYHUVLWlW&KHPQLW]





+DQLND0 /DQJRZVNL+&	0RRVKHLPHU8  /D\HU'HIHFWV DQG WKH 6\QHUJHWLF (IIHFW %HWZHHQ ,QRUJDQLF DQG2UJDQLF%DUULHU
/D\HUV,Q6RFRDWHUV(GWK$QQXDO7HFKQLFDO&RQIHUHQFH3URFHHGLQJVSS
.LUFKKHLP ' +RSPDQQ & 'DKOPDQQ 5 %DKURXQ . 	 %HKP +  'HKQXQJVHLJHQVFKDIWHQ YRQ PHKUODJLJHQ 3(&9'







0DWWKHV .- 	 6FKQHLGHU :  6FKZHLWHFKQLN  6FKZHLHQ YRQ PHWDOOLVFKHQ .RQVWUXNWLRQVZHUNVWRIIHQ  :HOGLQJ :HOGLQJ RI
PHWDOOLFVWUXFWXUDOPDWHULDOV&DUO+DQVHU9HUODJ*PE+	&R.*
2ORZLQVN\$%RJOHD$	5RHVQHU$  /DVHUGXUFKVWUDKOVFKZHLVVHQ YRQ7KHUPRSODVWHQ /DVHU WUDQVPLVVLRQZHOGLQJ RI SODVWLFV
/DVHUWHFKQLN-RXUQDO





5RHVQHU$$EHOV 32ORZLQVN\$1DR\XNL0	$WVXVKL+ $EVRUEHUIUHH ODVHU EHDPZHOGLQJ RI WUDQVSDUHQW WKHUPRSODVWLFV
,&$/(2&RQJUHVV3URFHHGLQJV
7D\D 6 7 (O$JH] DQG$$ONDQRR 7KLQ)LOP&KDUDFWHUL]DWLRQ8VLQJ5RWDWLQJ3RODUL]HU$QDO\]HU (OOLSVRPHWHUZLWK D 6SHHG5DWLR 
-RXUQDORI(OHFWURPDJQHWLF$QDO\VLVDQG$SSOLFDWLRQV9RO1RSSGRLMHPDD
